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DETAILED ACTION 
Claim Objections 

Claim 1 objected to because of the following informalities: in line 3 of the claim 
applicant amended the claim to state that the lower electrode is constituted with a 
silicon oxide layer. The examiner believes this recitation includes a typographical error. 
The examiner notes that the lower electrode is disclosed as being formed on a silicon 
oxide layer, but not disclosed as being constituted of a silicon oxide layer. The lower 
electrode is, however, disclosed, and originally claimed, as constituted of a silicon layer 
(polysilicon). The examiner will examine the claims as originally written, wherein the 
lower electrode is constituted with a silicon layer. 

Further, in lines 8-1 1 of claim 1 , the Applicant recites forming an aluminum oxide 
film "by using an ALD method to reduce incubation time required for the formation of the 
AI2O3 film and to remove metallic cluster formed at an interface between the AI2O3 film 
and the silicon oxide layer". The examiner reads this limitation to mean that it is the 
formation of the aluminum oxide by ALD that results in the reduction of the incubation 
time required for the fomnation of the AI2O3 film and removal of the metallic cluster 
formed at an interface between the AI2O3 film and the silicon oxide layer. The 
specification however, on page 10, lines 22-25 discusses that it is the fomriation of the 
uniform silicon oxide layer that allows for these benefits. The examiner requests 
clarification. 

To remedy the contradiction explained above the examiner suggests the 
following language: 
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forming an aluminum oxide (AI2O3) film on the silicon oxide layer by using an 
ALD method; 

wherein the method of forming the uniform silicon oxide layer and the aluminum 
oxide film reduces the incubation time required for the formation of the AI2O3 film and 
prevents metallic clusters from forming at an interface between the AI2O3 film and the 
silicon oxide layer; and 

Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 36 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1 , 3, 10, and 14-16 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Haukka et al. (U.S. Patent Appl. 2003/0049942) in view of Lee (U.S. 

Patent No. 6,355,519). 

In re claim 1, Haukka et al. disclose the method including: 

forming a lower electrode constituted with a silicon layer on a semiconductor 

substrate by a predetermined process on which a predetermined process has been 
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completed (see paragraph [0068] and Figure 1, wlierein tlie examiner considered the 
predetermined process that has been completed the cleaning of the substrate); 

forming a uniform silicon oxide layer (30, see paragraph [0029] and [0040]) on 
the lower electrode by performing an atomic layer deposition (ALD) process; 

forming an aluminum oxide (AI2O3) film on the silicon oxide layer (see [0041], 
[0043], [0048]-[0056] and Table 1) by using an ALD method to reduce incubation time 
required for the formation of the AI2O3 film and to remove metallic cluster formed at an 
interface between the AI2O3 film and the silicon oxide layer . 

Haukka et al. does not explicitly disclose that the method is performed to reduce 
incubation time required for the formation of the AlaOa film and to remove metallic 
cluster formed at an interface between Jhe AI2O3 film and the silicon oxide layer, 
however the examiner asserts that this benefit is inherent in the process of Haukka et 
al. As pointed about above, the specification of the instant application on page 10, lines 
22-25, discusses that it is the formation of the uniform silicon oxide layer that allows for 
these benefits. It is submitted that the process of forming a silicon oxide by ALD would 
create a uniform silicon oxide layer. Further, the examiner notes that the method of 
Haukka et al. of forming a silicon oxide layer by ALD and then a subsequent AI2O3 film 
by ALD is identical to the method of the instant application, and thus, the result of the 
formation would be the same (i.e. reduction of the incubation time required for the 
formation of the AI2O3 film and the removal of metallic clusters formed at an interface 
between the AI2O3 film and the silicon oxide layer). 
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Haukka et al. does not disclose the metliod wherein the AI2O3 film is crystallized 
by carrying out a heat treatment process. Lee discloses the method of crystallizing a 
AI2O3 film by a heat treatment process (see column 4, line 60 through column 5, line 
27). It would have been obvious to one of ordinary skill in the art at the time the 
invention was nnade to crystallize the AI2O3 film by a heat treatment process because as 
Lee teaches it improves the dielectric characteristic. 

In re claim 3, Haukka et al. disclose the method wherein the silicon oxide layer is 
formed by using an in-situ method or an ex-situ method (see paragraph [0067]). 

In re claim 1 0, Haukka et al. disclose the method wherein AI(CH3)3, which is 
trimethylaluminum (TMA), is used as an aluminum source, and one of H2O, O3, and 
H2O2 is used as a reaction source during the ALD process to form the AI2O3 film (see 
[0041], [0043], [0048]-[0056] and Table 1). 

In re daim 14, Lee discloses the method wherein the heat treatment process is 
carried out at a temperature greater than 600 "C and in an N2or O2 ambient. 

In re daim 15, Lee discloses the method wherein the heat treatment process Is 
carried out by using a furnace annealing process or a rapid thermal process (RTP) 

In re claim 16, Haukka et al. does not disdose the method wherein an upper 
electrode constituted with a metal layer, a silicon layer or a metal layer/silicon layer is 
formed on an area of the crystallized Al203film. 
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Lee discloses the method wherein an upper electrode (23) constituted with a 
metal layer; a silicon layer or a metal layer/silicon layer is formed on an area of the 
crystallized AbOafiim (see column 5, lines 34-36, and column 4, lines 15-20). It would 
have been obvious to one of ordinary skill in the art at the time the invention was made 
to fomn the upper electrode of a silicon layer (polysilicon) since it is a conductive layer 
that allows for complete formation of the capacitor structure. Further, utilizing silicon, 
the same material as that of the lower electrode, reduces the complexity of the 
formation of the capacitor since common process conditions and apparatus may be 
used for both upper and lower electrodes. 

Claims 4-5 and 7-8, are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Haukka et al. (U.S. Patent Appl. 2003/0049942) and Lee (U.S. Patent No. 
6,355,519) in view of Klaus et al. (U.S. Patent No. 6,090,442). 

In re claims 4 and 5, Haukka et al. and Lee disclose the method as claimed and 
rejected above, but do not disclose the particulars of the method of forming the silicon 
oxide, including wherein the silicon source selected from the group of SiCU, DCS, and 
HCD and a reaction source selected from a group consisting of H2O, O3, and H2O2 are 
used to form the silicon oxide, and wherein pyridine acting as a catalyst is used when 
the silicon source and the reaction source are supplied during the ALD process. 

Klaus et al. disclose the method wherein the silicon source selected from the 
group of SiCU. DCS, and HCD and a reaction source selected from a group consisting 
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of H2O, O3, and H2O2 are used to form the silicon oxide, and wherein pyridine acting as 
a catalyst is used when the silicon source and the reaction source are supplied during 
the ALD process (see column 5, lines 5-40). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the silicon oxide of Haukka et al. by the method of Klaus et 
al. because as Klaus et al. discloses the method allows for a low temperature deposition 
process (see column 10, lines 20-25) which will reduce the thermal budget of forming 
the capacitor. 

In re claim 7, Klaus et al. discloses the method wherein the silicon oxide layer is 
formed at a low temperature less than about 200 °C (see column 5, lines 5-40, and 
column 10, lines 20-25). ^ 

In re claim 8, Haukka et al. discloses the method wherein a thickness of the 
silicon oxide is less than about 10 angstroms (see paragraph [0029]). 

Claims 4 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Haukka et al. (U.S. Patent Appl. 2003/0049942) and Lee (U.S. Patent No. 6.355,519) in 
view of Tera et al. (U.S. Patent Appl. 2001/0031379). 

In re claim 4 and 6, Haukka et al. and Lee disclose the method as claimed and 
rejected above, but do not disclose the particulars of the method of forming the silicon 
oxide, including wherein the silicon source selected fronri the group of SiCU, DCS, and 
HCD and a reaction source selected from a group consisting of H2O, O3, and H2O2 are 
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used to form the silicon oxide and wlierein eacli of a supply time and a purge time for 
the silicon source and the reaction source is less than 10 seconds respectively. 

Tera et al. disclose the method wherein silicon source selected from the group of 
SiCU, DCS, and HCD and a reaction source selected from a group consisting of H2O, 
O3, and H2O2 are used to form the silicon oxide and wherein each of a supply time and 
a purge time for the silicon source and the reaction source is less than 10 seconds 
respectively (see Figure 12, and [0104]). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the silicon oxide layer by the method of Tera et al. because 
as Tera et al. teaches it allows for a uniform thin dielectric layer of silicon oxide with 
excellent step coverage (see paragraph [0008] and [0044]) which is desirable in 
capacitor fabrication. 

Claims 1 1 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Haukka et al. (U.S. Patent Appl. 2003/0049942) and Lee (U.S. Patent No. 
6,355,519) in view of Sarigiannis et al. (U.S. Patent Appl. 2004/0033688). 

In re claim 1 1 , Haukka et al. and Lee disclose the method as claimed and 
rejected above, but do not disclose wherein plasma is used as the energy source during 
the ALD process to form the AI2O3 film. 

Sarigiannis et al. discloses the method of utilizing plasma in formation of an AI2O3 
film by ALD (see paragraph [0017] and [0027]). 
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It would have been obvious to one of ordinary skill in the art at the tinne the 
invention was made to utilize plasma in the formation of the AI2O3 film in the method of 
Haukka et al. because adding plasma, as known In the art, reduces the temperature at 
which the reactions will occur, thus allowing for reduction of the thermal budget of the 
capacitor. 

In re claim 12, Haukka et al., Lee and Sarigiannis et al. do not disclose the 
method wherein the ALD process to form the AI2O3 film is carried out at a room 
temperature or at a temperature of about 500 "C. The examiner notes that 400°C is 
considered to be "about 500°C", especially in light of the specification (page 10, lines 9- 
13), in which the Applicant defines about SOO^C to be from a range of about 200°C to 
about 500°C. Furthermore, the examiner notes that Applicant does not teach that a 
temperature of "about SOO^C" solves any stated problem or is for any particular purpose. 
Therefore, this temperature lacks criticality in the claimed invention. Haukka et al. 
teaches the same method at a temperature of about 400^0 (see paragraph [0048]). 
Thus, it would have been obvious to one of ordinary skill in the art to perform steps at 
"about SOCC" since the invention would perform equally well whether at 400''C or 
"about SOCC" to provide a temperature capable of forming a high-k dielectric by an ALD 
process without increasing the thickness of the interfacial dielectric layer (see paragraph 
[0048]), and because it has been held that where the general conditions of a claim are 
disclosed In the prior art, discovering the optimum or workable ranges involves only 
routine skill in the art. In re Alter, 105 USPQ 233, MPEP 2144.05 II A. 
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Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Haukka 
et al. (U.S. Patent Appl. 2003/0049942) and Lee (U.S. Patent No. 6,355,519) in view of 
Raaijmakers et al. (U.S. Patent Appl. 2001/0024387). 

Haukka et al. and Lee disclose the method as claimed and rejected above, but 
do not disclose the method wherein a thickness of the AI2O3 film is less than about 100 
angstroms. Raaijmakers et al. discloses the method of forming an AI2O3 film to a 
thickness of less than about 100 angstroms (see paragraph [0083]). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the film of Haukka et al. to a thickness of less than about 
100 angstroms, because, as Raaijmakers et al. teaches 100 angstroms allows for a 
sufficiently thick metal oxide that avoids leakage during memory celj operation.and 
allows for near perfect step coverage which is desirable in high surface area, high 
aspect ratio, capacitor fabrication (see paragraph [0083]). 

Response to Arguments 

Applicant's arguments filed June 30, 2004 have been fully considered but they 
are not persuasive. 

Applicant argues that none of the references, singly or in combination recite 
forming an aluminum oxide (AI2O3) film on the silicon oxide by using an ALD method to 
reduce incubation time required for the formation of the AI2O3 film and to remove 
metallic cluster formed at an interface between the AI2O3 film and the silicon oxide layer. 

Haukka et al. does not explicitly disclose that the method is performed to reduce 
incubation time required for the formation of the AI2O3 film and to remove metallic 
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cluster formed at an interface between the AI2O3 film and the silicon oxide layer, 
however the examiner asserts that this benefit is inherent in the process of Haukka et 
al. As pointed about above, the specification of the instant application on page 10, lines 
22-25, discusses that it is the formation of the uniform silicon oxide layer that allows for 
these benefits. It is submitted that the process of forming a silicon oxide by ALD would 
create a uniform silicon oxide layer. Further, the examiner notes that the method of 
Haukka et al. of forming a silicon oxide layer by ALD and then a subsequent AI2O3 film 
by ALD is identical to the method of the instant application, and thus, the result of the 
formation would be the same (i.e. reduction of the incubation time required for the 
formation of the AI2O3 film and the removal of metallic clusters formed at an interface 
be tween the AI2O3 film and the silicon oxide layer). 



Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Nguyen (U.S. Patent No. 6,689,220) discloses that plasma 
enhanced ALD allows for a reduced temperature requirement (see column 2, lines 32- 
40). 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
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§ 706.07(a). Applicant is reminded of tlie extension of time policy as set forth in 37 . 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the nnailing date of - 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry conceming this communication or eariier communications from the 
examiner should be directed to Jennifer M. Kennedy whose telephone number is (571 ) 
272-1672. The examiner can normally be reached on Mon.-Fri. 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, John Niebling can be reached on (571 ) 272-1679. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding tlie status of an application may be obtained froni the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

jmk 




